ABSTRACT ddY mice spontaneously develop IgA nephropathy (IgAN) with a variable age of disease onset. Establishing a model with early-onset IgAN could aid the investigation of mechanisms that underlie the pathogenesis of this disease. On the basis of histologic grading in serial biopsies, we previously classified ddY mice into early-onset, late-onset, and quiescent groups. Here, we selectively mated mice with the early-onset phenotype for .20 generations and established "grouped ddY" mice that develop IgAN within 8 weeks of age. Similar to human IgAN, the prognosis was worse for male mice than females. These mice homogeneously retained genotypes of four marker loci previously associated with the early-onset phenotype, confirming a close association of these loci with early-onset IgAN in ddY mice. Grouped ddY mice comprised two sublines, however, which had distinct genotypes at a susceptibility locus for high serum IgA levels, which maps within the Ig heavy-chain gene complex. The subline bearing the Igh-2 a IgA allotype had a more rapid course of fatal disease and lower oligosaccharide content, suggesting that aberrant IgA glycosylation may promote the progression of murine IgAN. Taken together, these data indicate that grouped ddY mice may be a useful model for the identification of susceptibility genes and the underlying molecular mechanisms involved in the pathogenesis of human IgAN.
IgA nephropathy (IgAN) is one of the most frequent forms of GN worldwide, accounting for 25%-50% of patients with primary GN. IgAN was initially considered to be a benign chronic nephropathy. Although it is dependent on renal biopsy policies in each country and timing of renal biopsy, accumulating evidence now suggests that 30%-40% of patients progress to ESRD within 20 years of clinical course. [1] [2] [3] There are no effective treatment strategies, mostly because of the lack of a comprehensive understanding of IgAN pathogenesis. Although the only diagnostic criterion for IgAN is IgA deposition in the glomerular mesangium, 4 clinical and histopathologic findings of IgAN patients are heterogeneous. Recently, many studies have convincingly demonstrated that general impairment of immune regulation in the mucosabone marrow axis plays an important role in IgAN pathogenesis. [5] [6] [7] [8] Fundamental pathogenic factors are present external to the kidney, as evidenced by the fact that about half of IgAN patients develop recurrent disease after renal transplantation. 9 Animal models are useful tools for studying the dynamic and complex immune axis involved in the development of IgAN, although there are differences in IgA immune responses and the ability to induce GN in different species. The ddY mouse strain is a well known model of spontaneous IgAN, which develops GN with a striking deposition of IgA in the mesangium, as well as co-deposition of IgG, IgM, and C3. 10 Nevertheless, a major disadvantage of the ddY mouse model is the high degree of variability in the age of onset and severity of the disease, because the strain has been maintained as an outbred stock. [11] [12] [13] The high IgA (HIGA) mouse strain was established by interbreeding of ddY strains with high serum levels of IgA to assess the correlation of serum IgA levels with the development of IgAN. 14 However, although HIGA mice have high IgA levels, serum IgA levels are not associated with the severity of glomerular injury and incidence of the disease. 15 We recently reported that ddY mice could be classified into three groups: early-onset (approximately 20 weeks), late-onset (approximately 40 weeks), and quiescent groups, based on the serial histologic confirmation of glomerular lesions and IgA deposits. 15 Genome-wide association analyses comparing early-onset and quiescent groups identified four marker loci (D1Mit216, D1Mit16, D9Mit252, and D10Mit86) linked with the early-onset phenotype. 15 D1Mit16 is located close to the selectin gene: single-nucleotide polymorphisms of this gene are associated with human IgAN, 16 and D10Mit86 lies within a region of synteny with human 6q22-23 containing IGAN1, which is implicated in familial IgAN. 17 These results strongly suggest that IgAN in ddY mice and humans may be, at least partly, regulated by the same susceptibility genes. In addition, susceptibility to high serum IgA levels has been shown to be associated with D12Mit20, 15 which is located within the Ig heavy-chain gene complex.
To overcome the problem of the genetic heterogeneity and the high degree of variability in the age of onset and severity of the disease in ddY mice, which hinders the progress toward understanding the pathogenesis of IgAN, we have established a novel strain of ddY mice, termed grouped ddY mice, by selective mating of early-onset ddY mice. We analyzed age of onset and disease phenotype in this IgAN-prone strain and confirmed the association between IgAN and the previously identified susceptibility loci. Our results demonstrate an early onset of IgAN with a 100% incidence in these mice, indicating that the newly established grouped ddY mice would be a suitable experimental model to elucidate the pathogenesis of IgAN.
RESULTS

Establishment of Grouped ddY Mice with Early-Onset of Proteinuria and Progressive Renal Failure
We previously classified ddY mice into early-onset, late-onset, and quiescent groups, based on histologic grading in serial biopsies. 15 To obtain a mouse line consistently developing IgAN early in life, we intercrossed among an early-onset group of ddY mice, in which the development of IgAN was documented by the presence of proteinuria before mating and confirmed by mesangial IgA depositions and glomerular lesions through renal biopsies before 20 weeks of age. After selective intercrossing for .20 generations, we established a novel 100% early-onset grouped ddY mice model. All grouped ddY individuals developed proteinuria within 8 weeks of birth. The urinary protein level in female grouped ddY mice was markedly elevated compared with HIGA mice even at 8 weeks of age ( Figure 1A) and the serum creatinine level was increased in association with renal failure at 24 weeks of age ( Figure 1B) . In HIGA mice, the serum IgA level was significantly higher than that in female grouped ddY mice at 8 weeks of age onward ( Figure 1C) ; however, there was no evidence for the increase in levels of urinary protein and serum creatinine. Histopathologic analysis revealed that severity of glomerular injury was absolutely different in these two strains of female mice ( Figure 1D ). Female grouped ddY mice showed severe glomerular and tubulointerstitial lesions with mesangial proliferation, mesangial matrix expansion, and tubulointerstitial infiltrations. In contrast, HIGA mice showed faint pathologic alterations even at 24 weeks of age. Indeed, glomerular cell numbers and glomerular sclerosis scores at 8 and 24 weeks of age in female grouped ddY mice were significantly higher than those in HIGA mice ( Figure 1 , E and F). Electron microscopy showed electron-dense deposits mainly in the paramesangial area similar to those found in human IgAN ( Figure 1G ). Immunofluorescence staining showed glomerular deposits of IgA with IgG and C3 co-deposits in female grouped ddY mice, whereas only IgA deposits were found in HIGA mice ( Figure  1H ). The degree of glomerular IgA deposition was comparable in both strains of female mice.
Inheritance of the Four IgAN Susceptibility Loci in the Grouped ddY Mice Our previous genome-wide association analyses identified four marker loci (D1Mit216, D1Mit16, D9Mit252, and D10Mit86) linked with the early onset of IgAN. 15 To evaluate the effect of these loci on disease in grouped ddY mice, we genotyped for these four marker loci and obtained evidence that all of these marker loci were homogeneously retained in grouped ddY mice ( Figure 2 ).Therefore, we designated the locus linked to D10Mit86 as Igan1 (IgA nephropathy 1), because it corresponds to the IGAN1 locus for human IgAN, 17 and the three other loci, D1Mit216, D1Mit16, D9Mit252, as Igan2, Igan3, and Igan4, respectively (Table 1 ). In contrast, HIGA mice only share two of the alleles with grouped ddY mice: D10Mit86 (Igan1) and D1Mit216 (Igan2) ( Table 1) . Thus, the Igan3 and Igan4 loci, unique to grouped ddY mice, could play a pivotal role for early onset in grouped ddY mice, in combination with other genes.
Development of More Severe IgAN in Grouped ddY Male Mice than in Female Counterparts
It has been reported that male sex is a risk factor for poor prognosis in patients with IgAN. 18 Therefore, we compared the possible differences in the extent of disease severity between grouped ddY male and female mice. The results showed that the survival rate of grouped ddY male mice was lower at 24 weeks of age than that of female mice (40% versus 86%; P,0.001) ( Figure  3A ). In addition, male mice had significantly higher levels of urinary protein and serum creatinine than female mice at 8 and 16 weeks of age ( Figure 3 , B and C). In contrast, there were no sex differences in serum IgA levels ( Figure 3D ).
Immunohistochemical examination of kidneys at 8 and 24 weeks of age showed no differences in the extent of IgA deposition in glomeruli between males and females ( Figure  3E ). However, histologically, glomerular lesions characterized by mesangial cell proliferation and sclerotic changes of glomeruli were more severe in male mice than those in female mice ( Figures 1, E and F, and 3F), consistent with the decreased survival rate in male mice. , and serum IgA (C) levels in female grouped ddY and HIGA mice at 8, 16, and 24 weeks of age. Means 6 SDs are shown. All 35 grouped ddY female mice were proteinuric at 8 weeks of age. The levels of urinary protein and serum creatinine in grouped ddY female mice increased with age. On the other hand, the serum IgA level of HIGA mice were significantly higher than female ddY mice at any weeks of age, but none of 10 HIGA mice showed proteinuria. (D) Representative histologic appearance of glomerular lesion. Grouped ddY female mice showed mesangial proliferation and extracellular matrix expansion that were developed with age, whereas there was no clear glomerular damage in HIGA mice even at 24 weeks of age. Glomerular cell numbers (E) and mesangial sclerosis scores (F) in male and female grouped ddY mice and HIGA mice at 8 and 24 weeks of age (mean of 10 mice 6 SD). These parameters of histologic changes in female grouped ddY mice were significantly higher than those in HIGA mice and changes in male grouped ddY mice were significantly higher than those in female grouped ddY mice. (G) Representative appearance of electron microscopy. Female grouped ddY mice at 8 weeks of age showed electron-dense deposits (*) in the paramesangial area. (H) Representative appearance of glomerular IgA, IgG, and C3 depositions in female grouped ddY and HIGA mice at 8 weeks of age. Although IgA deposition was identical in both strains of female mice, clear co-depositions of IgG and C3 was observed only in grouped ddY mice. **P,0.01, ***P,0.001. Original magnification, 3400. Original magnification, 3400 in D and H; 33200 in G.
Two Different Sublines of Grouped ddY Mice with Different IgA Allotype, Glycosylation, and Mortality Rate We previously showed the strong linkage of the D12Mit20 marker with serum levels of IgA in ddY mice. 15 Notably, we observed the presence of three genotypes of D12Mit20 among the grouped ddY mice, designated types AA, BB, and AB ( Figure 4A ). On the other hand, HIGA mice carry a different genotype of D12Mit20, namely type CC.
Because the D12Mit20 marker is located within the Ig heavy-chain gene complex, the observed D12Mit20 polymorphism could reflect the difference in the IgA allotype among the grouped ddY and HIGA mice. Indeed, the cDNA nucleotide sequence analysis revealed that the predicted amino-acid sequence of the IgA heavy-chain constant region, especially in the hinge region, differs among types AA and BB grouped ddY mice as well as HIGA mice ( Figure 4B ). Accordingly, the IgA allotypes of types AA and BB grouped ddY mice correspond to Igh-2 b (C57BL/6 type) and Igh-2 a (BALB/c type), respectively ( Figure 4C) . Notably, the presence of O-linked glycans in the hinge region of murine IgA bearing the Igh-2 a allotype has recently been demonstrated. 21 We further determined the monosaccharide composition of purified serum IgA from type AA and type BB grouped ddY mice. Gas-liquid chromatography analyses revealed that IgA from type BB had lower content of glycans compared with that from type AA mice (Table 2 ). However, none of the two IgA preparations contained N-acetylgalactosamine, a sugar residue characteristic of O-glycans that is attached to serine or threonine residues of glycoproteins.
Intriguingly, whereas our previous studies showed no linkage between the D12Mit20 marker and the early onset of disease in ddY mice, 15 type BB male mice had an early mortality rate compared with type AA male mice (13% versus 71% at 24 weeks of age; P,0.001) ( Figure 5A ). This is consistent with the notion that type BB genotype contributes to the acceleration of disease severity in combination with the other four IgAN susceptibility loci reserved in grouped ddY mice. Thus, we termed this locus contributing to the accelerated development of IgAN as Igan5, the possible candidate is Igh-2 b allotype. The difference in Igh-2 allotype in types AA and BB male mice did not affect the serum level of IgA at any age ( Figure 5B), but the serum level of IgA-IgG immune complexes (ICs) in type BB grouped ddY male mice was significantly higher than those in type AA grouped ddY male mice at 8 weeks of age ( Figure 5C ).
DISCUSSION
Elucidation of the pathogenesis of IgAN using appropriate animal models is urgently required in order to develop effective treatments for IgAN. There have been many attempts at establishing animal models of IgAN by genetic manipulation of individual candidate genes; however, a majority of them were only successful in causing mesangial IgA deposition. 22 In this study, we have shown that grouped ddY mice, which were established by selective mating of ddY mice with the 100% early-onset phenotype, spontaneously developed mesangial co-deposition of IgA, IgG, and C3, severe proteinuria, mesangioproliferation, and expansion of extracellular matrix by 8 weeks of age, followed by renal failure within a short period. These features and the clinical course closely resemble severe IgAN in human patients.
In humans, the importance of disease susceptibility genes has been indicated by studies of familial IgAN, differences in disease incidence rates among different ethnicities, and sporadic patients with familial history of asymptomatic hematuria. 23 Although linkage analysis of familial IgAN revealed close association with the five loci, 17, 24, 25 precise causative genes have not been identified. Moreover, many candidate genes have been associated with IgAN, such as those for human leukocyte antigen, 26 MHC, 27 uteroglobin, [28] [29] [30] Ig mu-binding protein 2, 31 polymeric Ig receptor, 32 selectin, 16 and angiotensinconverting enzyme 33, 34 ; however, none of these studies have been sufficiently replicated or confirmed functionally. It is noteworthy that the combined effect of multiple susceptibility genes may contribute to the development of IgAN. However, it is practically difficult to analyze such genetic interactions in humans. On the other hand, genetic factors are likely to play a critical role in the onset and progression of disease in grouped ddY mice as well, because they inherited all four susceptibility loci linked with the early-onset phenotype of IgAN. Therefore, our grouped ddY mice model can be useful to analyze such genetic interactions.
Grouped ddY mice develop mesangial IgA deposits with codeposits of IgG and C3 and severe glomerular lesions as early as 8 weeks of age, which is before any significant elevation in serum IgA levels. In contrast, even though HIGA mice showed a marked increase of serum IgA and significant mesangial IgA deposits, these mice did not fully develop mesangial codeposits of IgG or C3 and GN even by 24 weeks of age. It was reported that in HIGA mice, pathologic alterations in the glomeruli become evident from 40 weeks of age. 35 These data suggest that the induction and progression of IgAN are not simply determined by serum levels of IgA, but rather by the physicochemical properties or specificities of pathogenic IgA or a component of immune complexes, such as IgG autoantibodies specific for aberrantly glycosylated IgA, 36,37 which may subsequently result in activation of complement. 38 It is possible that the delayed onset with a lower incidence of IgAN in HIGA mice, despite high serum levels of IgA, could be due to the lack of two IgAN susceptibility loci, Igan3 and Igan4, mapped to D1Mit16 and D9Mit252, which may contribute to the generation of nephritogenic IgA and IgA-IgG ICs. The elucidation of candidate genes for all four susceptibility loci and roles of these genes for disease phenotypes is of paramount importance for shedding light on the genetic mechanisms that control the progression of IgAN. Further studies are underway in our laboratories by establishing congenic mouse lines carrying each of these loci separately or a combination of these loci.
The poor prognosis of male grouped ddY mice is consistent with the observations in the Japanese cohort showing that male sex is a risk factor for poor prognosis in human IgAN. 18 Sex differences in human IgAN have been considered to be influenced by stress, because many IgAN patients are affected at the meridian of social life. Recently, it has been proposed that IgAN may be one of the autoimmune diseases in which aberrantly glycosylated IgA1 is the autoantigen 36, 39, 40 and there are many reports stating that sex differences associated with the incidence or progression of autoimmune diseases may involve sex chromosomes or sex hormones. 41 Thus, the observed sex effect in our grouped ddY model is likely to be dependent on biologic factors, such as sex hormones or susceptibility loci on sex chromosomes. Our grouped ddY mice will be important tools to investigate the effect of sex on the progression of human IgAN.
The nephritogenic roles of aberrantly glycosylated IgA have long been discussed in the pathogenesis of IgAN. In human primary and/or secondary IgAN, abnormal glycosylation of N-linked as well as O-linked glycans in IgA1, 42 heterogeneity of structure and composition of O-glycans in the hinge region of IgA1, 40 and involvement of IgG autoantibodies recognizing the aberrantly glycosylated IgA1 36, 37 have been reported. In addition, it has also been reported that aberrant glycosylation of the N-linked glycan in mice lacking b1,4-galactosyltransferase-I induces murine IgAN. 43 Furthermore, recent studies raised a possibility that degree of O-glycosylation in the hinge region as well as structure of N-glycans in the CH1 domain of murine IgA may determine the nephritogenicity. 21 Collectively, these findings suggest that structural abnormalities of carbohydrates of serum IgA, presumably in association with the development of glycan-specific IgG autoantibodies, are involved in the development of human and murine IgAN, whether the carbohydrates are O-glycans or N-glycans. However, the clinical relevance of this to IgAN pathogenesis remains largely unknown because of the lack of a reliable mouse model of IgAN.
It has long been believed that O-glycans are absent in the hinge region of murine IgA. However, a recent study has demonstrated the presence of O-linked glycans in the hinge region of an IgA rheumatoid factor bearing the Igh-2 a allotype and its potential to induce IgAN-like glomerular lesions was associated with increased levels of O-glycosylation. 21 Notably, we observed the poor prognosis in a subgroup (type BB) of grouped ddY mice that carry the Igh-2 a IgA allotype, compared with the second group (type AA) of grouped ddY mice that bear a different IgA allotype (Igh-2 b ). Thus, differences in the IgA allotype may be partly responsible for the poor prognosis of type BB grouped ddY mice. Although the analysis of bearing of the Igh-2 a allotype analyzed in the past, 21, 46, 47 and in even the one that carries O-glycan, its occupancy is partial. 21 Thus, one cannot exclude the possibility that only a minor fraction of IgA is O-glycosylated and exhibits a high pathogenic potency in type BB mice. Whatever the presence of O-glycans in IgA of type BB grouped ddY mice may be, we noted that sugar contents in serum IgA of type BB grouped ddY mice are lower than those of type AA mice. In this regard, it is worth noting that the structure of N-linked glycans present in the CH1 domain was markedly different between nephritogenic and nonnephritogenic IgA: bi-and triantennary complex-type in the former and the hybridtype with features of both high mannoseand complex-type oligosaccharides in the latter. 21 This could raise another possibility that a change of IgA in conformation or biochemical property as a result of modification of carbohydrate structures could promote formation of nephritogenic ICs. Indeed, we observed that serum levels of IgA-IgG ICs of type BB grouped ddY mice were significantly higher than those of type AA grouped ddY mice. Thus, differences in the IgA allotype or in monosaccharide composition of IgA may be partly responsible for the poor prognosis of type BB grouped ddY mice. Clearly, further studies are required to determine whether a reduced content of oligosaccharides may promote the development of IgG autoantibodies against sugar moiety exposed on IgA in type BB mice, as in the case of human IgAN. 36 For example, an inbred model from each subline of grouped ddY mice by sib-mating and generation of stable B cell clones from the inbred models may provide further clues for the role of glycosylation.
In conclusion, we have established a novel mouse model of IgAN with a 100% incidence of severe disease at a young age. Analysis of this disease model will provide useful insights into the pathogenesis of human IgAN, because it should help the eventual identification of susceptibility genes and elucidation of underlying molecular mechanisms and also define the role of IgA polymorphisms in context of IgA glycosylation and the effect of sex difference on the progression of IgAN.
CONCISE METHODS
Mice and Breeding Environment
Grouped ddY mice, which were established by selective mating of early-onset ddY mice 15 for .20 generations, were maintained at the Data are expressed as average from two experiments relative to standard sugars and normalized to internal standard, based on the area under the peak in the chromatograms. Ten micrograms of IgA was used per sample. GlcNAc, N-acetylglucosamine; GalNAc, N-acetylgalactosamine; IS, internal standard; ND, not detected; SA, sialic acid.
animal facility of Juntendo University with regular chow (Oriental Yeast, Tokyo, Japan) and water ad libitum in a specific-pathogen-free room. The natural history of 70 grouped ddY mice (35 males, 35 females) was documented by obtaining serum and urinary samples, and genotyping. Histologic examination was performed on each of the 20 grouped ddY mice (10 males, 10 females) at 8 and 24 weeks of age. Ten female HIGA mice (it is commercially unable to obtain male HIGA mice), which were inbred mice established by selective mating among high serum IgA ddY mice, 14 were also maintained under similar conditions and used as controls. The experimental protocol was approved by the Ethics Review Committee for Animal Experimentation of Juntendo University Faculty of Medicine. The grouped ddY mice are now maintained by brother-sister mating to establish the inbred strain of mice and these mice will be freely available through Dr. Yusuke Suzuki (Division of Nephrology, Department of Internal Medicine, Juntendo University Faculty of Medicine; yusuke@juntendo.ac.jp) to appropriately qualified researchers.
Serum and Urinary Analyses
Blood samples were obtained from the buccal vein at 8, 16, and 24 weeks of age. Serum IgA were measured using a sandwich ELISA kit (Bethyl Laboratories). Serum IgA-IgG ICs were detected by sandwich ELISA, using the modified method based on our previous report. 37 Purified rat anti-mouse IgG antisera (BD Biosciences, Pharmingen, San Diego, CA) and horseradish peroxidase-conjugated goat anti-mouse IgA (Zymed Laboratories, San Francisco, CA) were used. Data were expressed as OD. Serum creatinine levels were measured using an autoanalyzer (Fuji Dry-Chem 5500; Fujifilm, Tokyo, Japan). Urinary samples obtained at 8, 16, and 24 weeks of age were pooled. Urinary albumin was measured by immunoassay (DCA 2000 system; Siemens Healthcare Diagnostics, Tokyo, Japan).
Histologic Analyses
For light microscopy, renal specimens were fixed in 15% formaldehyde and embedded in paraffin, and 3-mm sections were collected. Tissue sections were stained with hematoxylin and eosin and periodic acid-Schiff stains. The nuclear number per glomerular cross-section was determined in a blind manner with 20 glomeruli per one mouse. For the quantitative analysis of glomerular sclerosis, 20 glomeruli/cross-section were observed and following scores were assigned, depending on the modified method based on the previous report by Raij et al. 48 as follows: 0 points, no glomerular sclerosis; 1 point, mild glomerular sclerosis (approximately 25%); 2 points, moderate glomerular sclerosis (approximately ,50%); and 3 points, severe glomerular sclerosis (approximately .50%). Sclerosis scores were calculated as follows: [∑(each score 3 number of glomeruli)]/20.
Immunofluorescence Analyses
Kidneys were obtained after perfusion with normal saline. Renal specimens were mounted in OCT compound (Sakura Finetek, Tokyo, Japan) and stored at 280°C. Specimens embedded in OCT compound were cut into 3-mm sections and fixed with acetone at 220°C for 4 minutes. IgA, IgG, and C3 were stained by the immunofluorescence method. Briefly, sections were washed with PBS, blocked with a blocking agent (DS Pharma Biomedical, Osaka, Japan) for 30 minutes at room temperature, and then incubated with goat antimurine IgA and IgG (Bethyl Laboratories, Montgomery, TX) and rat anti-C3 (Hycult Biotechnology B.V., Uden, Netherlands) as the primary antibody for 60 minutes at room temperature. After three washes with PBS, slides were incubated with secondary antibodies compatible with primary antibodies to some degree for 30 minutes at room temperature, washed, and mounted with a mounting medium (Dako, Tokyo, Japan). Samples were analyzed and imaged using confocal laser microscopy (Olympus Corporation, Tokyo, Japan).
Electron Microscopy Analyses
For electron microscopy, the specimens were fixed in phosphatebuffered glutaraldehyde for 2 hours, postfixed in 2% osmium tetroxide for 2 hours, and then embedded in Epon resin after dehydration. Ultrathin sections were sliced at 70 nm, stained with 4% uranyl acetate 
Genotyping of Susceptibility Loci
Genomic DNAwas obtained from mouse tails using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA).
Primer information for susceptibility loci of age of onset (D1Mit216, D1Mit16, D9Mit252, and D10Mit86) 15 and high serum IgA levels (D12Mit20) 15 are available from the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov/). A reaction volume of 25 ml containing 50 ng of genomic DNA, 53 reaction buffer, 2.5 mM dNTP mix, 4 ml Taq polymerase in 0.125 ml (Promega, Fitchburg, WI), and 100 nM of each primer was prepared for PCR in 96-well plates. After 5 minutes of incubation at 95°C, the reaction mixtures were amplified for 45 cycles of 30 seconds at 95°C, 40 seconds at 55°C, and 1 minute at 72°C, followed by 7 minutes at 72°C
. Detection of PCR products was performed by PAGE on a 15% gel.
RT-PCR and cDNA Sequencing
RNA from spleen cells was purified with TRIzol reagent (Invitrogen AG, Basel, Switzerland). For nucleotide sequencing of the IgA constant regions, cDNA was amplified with Pfu DNA polymerase (Stratagene Cloning Systems, La Jolla, CA) using the following pairs of primers: VH1BACK forward primer (59-AGGTSMARCTGCAGSAGTCWGG-39) and 39-UT Ca reverse primer (59-GAAGTGCAGGGATACTTTGG-39). 49 The nucleotide sequence corresponding to the IgA constant region was determined by the dideoxynucleotide chain termination method.
Monosaccharide Compositional Analyses of IgA by Gas-Liquid Chromatography
IgA was purified by affinity chromatography using anti-mouse IgA antibodies immobilized on CNBr-Sepharose from sera of type AA and type BB grouped ddY mice collected at 8 weeks of age. Purity of the preparations was assessed by SDS-PAGE. TCA-precipitated 10 mg protein for each IgA sample was analyzed by gas-liquid chromatography with sorbitol as the internal standard. The analyses were performed with a gas chromatograph (model 5890; Hewlett-Packard, Sacramento, CA) equipped with a 25-m fused silica (0.22-mm inner diameter) OV-1701 WCOT column (Chrompack, Bridgewater, NJ) and electron capture detector. Standard sugars were used for quantification. The results were expressed relative to the internal standard and specific sugar standard, using the area under the peak in chromatograms. 50, 51 Statistical Analyses
Comparison of groups was performed using univariate ANOVA. A P value of ,0.05 was considered significant. All statistical analyses were performed using the Windows version of StatView 5.0 software (Abacus Concepts, Berkeley, CA).
